Appropriately spaced nuclear localizing signals are necessary for efficient nuclear import of nonnuclear proteins.
To deliver nonnuclear proteins into the nucleus, we have examined the locations and number of nuclear localizing signals by use of simian virus 40 large T-antigen (SV40Ta) and yeast enhanced green fluorescent protein (yEGFP) in Saccharomyces cerevisiae as a model system. When only one SV40Ta was added to either the N- or C-terminus of yEGFP, the fluorescence of yEGFP was detected in both the nucleus and the cytoplasm. When two SV40Ta signals were added, one to the N-terminus and one to the C-terminus of yEGFP (SV40Ta-yEGFP-SV40Ta), the fluorescence of yEGFP was localized in only the nucleus. When the presequence of cytochrome oxidase subunit IV (pCOXIV) was inserted between the SV40Ta and the N-terminus of yEGFP (SV40Ta-pCOXIV-yEGFP-SV40Ta) in this construct, the fluorescence was located in both the nucleus and the cytoplasm, suggesting that the increased distance between the two SV40Ta signals decreased the efficiency of transport into the nucleus. When an additional SV40Ta signal was inserted between pCOXIV and yEGFP (SV40Ta-pCOXIV-SV40Ta-yEGFP), the fluorescence was localized only in the nucleus, indicating that two SV40Ta signals spaced by pCOXIV of 28 amino acid residues forming an alpha-helix are potent in transporting yEGFP into the nucleus. These results indicate that two SV40Ta signals spaced appropriately are essential for the efficient transport of the nonnuclear protein into the nucleus.